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NIBP impacts on the expression of E-cadherin, CD44
and vimentin in colon cancer via the NF-kB pathway
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Abstract. NIBP, a novel nuclear factor-xB (NF-«kB)-inducing
kinase (NIK) and IxB kinase § (IKKp) binding protein,
directly interacts with NIK and IKKf}, and acts as the ‘bridge’
of the NF-«B classical and alternative signaling pathways.
However, its influence on epithelial-mesenchymal transi-
tion markers in colon cancer remains to be fully elucidated.
The aim of the present study was to investigate the roles of
NIBP impacting on the expression of E-cadherin, CD44
and vimentin. In the present study, the associations between
NIBP and E-cadherin, CD44 and vimentin in clinical samples
were analyzed by making pairwise comparisons between
normal colon tissue, non-metastatic colon cancer tissue and
metastatic colon cancer tissue. In in vitro experiments, after
changing the expression of NIBP in cells, the protein expres-
sion levels of CD44, vimentin, E-cadherin were analyzed by
western blot analysis. The results revealed that the protein
expression levels of NIBP, CD44 and vimentin were markedly
increased, and E-cadherin was markedly decreased, in meta-
static colon cancer tissue compared with normal colon tissue
and non-metastatic colon cancer tissue. Upregulation of NIBP
expression decreased the levels of E-cadherin, whereas the
downregulation of NIBP increased E-cadherin levels, while no
significant differences were observed in the levels of CD44 and
vimentin. In addition, cells that were treated with the NF-«B
inhibitor, pyrrolidine dithiocarbamate (PDTC), also tended
to exhibit increased levels of CD44 and vimentin expression
in the NIBP upregulated expression group (29-NIBP group)
compared with the mock group, whereas the expression levels
of E-cadherin, CD44 and vimentin were similar in the NIBP
downregulated expression group (116-NIBPmir group) and the
HCT116 blank control group (116-mock group) on treatment
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of the cells with tumor necrosis factor-a. These findings indi-
cated that NIBP, E-cadherin, CD44 and vimentin are possibly
associated with metastasis in colon cancer. When the NF-xB
pathway is not subjected to any interventions, NIBP may
predominantly regulate the NF-«kB classical pathway, rather
than the alternative pathway. When the classical pathway was
completely inhibited, NIBP was able to activate the NF-kB
alternative pathway. NIBP is therefore necessary for the
interaction between the NF-«xB classical and alternative path-
ways. In conclusion, NIBP impacts on the expression levels of
E-cadherin, CD44 and vimentin via the NF-xB classical and
alternative pathways. Therapeutic regimens for patients with
colorectal cancer may comprise NIBP inhibitors in the future.

Introduction

Cancer is a major cause of mortality, and colorectal cancer
(CRCQ) is the third most common cancer in men and women
worldwide, representing a leading cause of cancer-associated
mortality (1). The majority of human cancer-associated deaths
are linked with metastasis. Metastasis is a complex process,
involving the spread of malignant tumor cells from a primary
tumor site to a secondary organ, and colonization of the distant
organ.

The metastasis of CRC results from the interactions among
anumber of genetic and environmental factors. Multiple signal
transduction pathways are involved in the process, including
the nuclear factor-xB (NF-«xB) (2,3) and the focal adhesion
kinase (FAK) (4) pathways, and so forth. The NF-xB pathway
exerts an important role in the process of tumor invasion and
metastasis. The NF-kB family of transcription factors consists
of five members: p65 (or RelA), RelB, c-Rel, NF-kB 1 (or
p105; a precursor of p50) and NF-kB 2 (or p100; a precursor of
p52) (5-7). To date, two principal pathways for NF-xB activa-
tion have been characterized: A classical and an alternative
pathway (6,8).

NIBP, a novel NF-kB-inducing kinase (NIK) and IxB
kinase f (IKKp) binding protein, directly interacts with NIK
and IKK, and is required for cytokine-induced NF-xB acti-
vation. The overexpression of NIBP increased the expression
of IKKp and NIK (9,10). The activated IKK complex phos-
phorylates IkB molecules to induce their ubiquitination and
degradation, resulting in the translocation of NF-xB dimers
(predominantly p65/p50) to the nucleus and the transcriptional
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activation of specific target genes. This pathway is termed the
NF-kB classical pathway. In the NF-kB alternative pathway,
NIK activates IkB kinase o (IKK-a) to induce the processing
of pl00, generating the p52 subunit, which leads to nuclear
translocation of RelB/p52 dimers to regulate specific target
gene expression. At present, studies of NIBP have largely
concentrated on nerve cells, and the protein has been studied
only infrequently in tumor cells. A previous study by our
laboratory identified that there was a certain basal expression
level of NIBP in colon cancer cells (11). Therefore, it was
hypothesized that NIBP may affect the invasive and metastatic
abilities of tumor cells by regulating the NF-xB signaling
pathway.

E-cadherin and vimentin are important markers of the
epithelial-to-mesenchymal transition (EMT). EMT is a critical
process by which epithelial cells lose their polarity, and are
converted into the mesenchymal phenotype. The hallmarks of
EMT are aloss of epithelial cell markers, including E-cadherin,
and an increased expression of mesenchymal markers,
including vimentin and fibronectin (12,13). EMT enhances the
ability of cancer cells to migrate to, invade, increase apoptosis
in and degrade cells of the extracellular matrix. It is crucial
for a variety of original and early metastases of tumor cells. In
recent years, a burgeoning body of evidence has identified that
EMT exerts an important role in the invasion and metastasis
of colon cancer (14,15).

Previous studies have shown that, on activation of
the NF-kB pathway, the expression levels of E-cadherin
decreased, whereas that of vimentin increased (16,17). In
the light of these results, it was hypothesized that NIBP may
exert an influence on the expression levels of E-cadherin,
CD44 and vimentin in CRC cells through the NF-kB clas-
sical and alternative pathways. In the present study, the
correlation between NIBP, E-cadherin, CD44, vimentin and
tumor progression in patients with CRC was examined. To
investigate this hypothesis, gene transfection experiments
were used to control the expression of NIBP in order to
observe any influence on the expression of E-cadherin, CD44
and vimentin in colon cancer cells.

Materials and methods

Patients and tissues. Randomly selected paired tissues of
CRC and corresponding normal tissues were obtained from
patients (n=114) who underwent surgical resection at the First
Affiliated Hospital of Guangxi Medical University (Guangxi,
China) between March and October 2013. Written informed
consent was obtained from each patient prior to surgery and
the study protocol was approved by the Institutional Review
Board for Human Genetic and Genomic Research of the First
Affiliated Hospital of Guangxi Medical University. Every
sample had undergone an immunohistochemical analysis in a
previous study (11).

Cell culture and lentivirus infection. HT29 and HCT116
cells were obtained from Shanghai R&S Biotechnology Co.
(Shanghai, China). HT29 is a cell line that expresses small
quantities of the NIBP protein, whereas HCT116 cells express
higher levels. All cell lines were cultured in Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific,
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Waltham, MA, USA) with 10% fetal bovine serum (Excell Bio,
Shanghai, China) at 37°C under an atmosphere of 5% CO,.

Groups of cells were used for the various experiments
as follows: the non-specific control group (29-NC group)
and NIBP upregulated expression group (29-NIBP group)
of the HT29 cell line, and the non-specific control group
(116-NC group) and NIBP downregulated expression group
(116-NIBPmir group) of the HCT116 cell line. The stable
NIBP-overexpressing (11) and underexpressing (18) cell lines
were transfected and obtained by fluorescence-activated cell
sorting in previous studies.

Western blot analysis. Proteins were separated
using 10% sodium dodecyl sulfate-polyacrylamide gel
(Beyotime Institute of Biotechnology, Haimen, China) electro-
phoresis for 1 h at 100 V, and transferred onto polyvinylidene
fluoride membranes (EMD Millipore, Billerica, MA, USA).
The membranes were subsequently blocked with non-fat milk
[5% in Tris-buffered saline with Tween-20; TBST (Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China)]
buffer at room temperature for 1 h to block non-specific
binding, and were subsequently incubated overnight with
antibodies diluting with WB Antibody Diluent (Beyotime
Institute of Biotechnology) at 4°C. Subsequently, conju-
gated secondary antibodies were incubated for 1 h at room
temperature. Membranes were scanned and analyzed using an
Odyssey® CLx Infrared Imaging system (LI-COR Biosciences,
Lincoln, NE, USA). Relevant signal intensities were deter-
mined using LI-COR imaging software. Rabbit monoclonal
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH;
1:1,000; cat. no. 2118) and rabbit monoclonal anti-E-cadherin
(1:1,000; cat. no. 3195) antibodies were obtained from Cell
Signaling Technology (Danvers, MA, USA); rabbit polyclonal
anti-vimentin (1:500; cat. no. 10366-1-AP) was obtained from
ProteinTech Group, Inc. (Chicago, IL, USA), and rabbit poly-
clonal anti-CD44 (1:500) was obtained from BIOSS (Beijing,
China; cat. no. bs-0521R) and ProteinTech Group, Inc. (cat.
no. 15675 1-AP).

Statistical analysis. Each experiment was performed at least
three times. Differences between groups and controls were
assessed using the Student's t-test and univariate analysis.
P<0.0167 (0.05/3) was considered to indicate a statistically
significant value in the clinical samples. For the in vitro experi-
ments, relative fold changes in protein expression were calculated
following normalization against GAPDH; in these cases, P<0.05
was considered to indicate a statistically significant value.

Results

The association between NIBP and E-cadherin, CD44,
vimentin in clinical samples. In a previous study, every sample
had undergone an immunohistochemical analysis to examine
the expression levels of NIBP and E-cadherin, CD44 and
vimentin (Table I) (19). In the present study, these data were
analyzed from another aspect. The pairwise comparisons with
normal colon tissue and non-metastatic colon cancer (Table IT),
normal colon tissue and metastatic colon cancer (Table III),
and non-metastatic colon cancer and metastatic colon cancer
(Table IV) are shown.
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Table I. Negative and positive cases of NIBP and E-cadherin, CD44 and vimentin protein in clinical samples assessed by
immunohistochemistry analysis.

NIBP CD44 Vimentin E-cadherin
No. of _— D B _—
Tissue cases - + - + - + - +
Normal colon 50 40 10 37 13 42 8 9 41
Non-metastatic 63 33 30 35 28 40 23 15 48
colon cancer
Metastatic colon cancer 51 14 37 17 34 19 32 27 24

NIBP, NF-kB-inducing kinase (NIK) and IxB kinase 3 (IKKf) binding protein.

Table II. Expression of NIBP and CD44, vimentin and E-cadherin in normal colon tissue and non-metastatic colon cancer.

NIBP CD44 Vimentin E-cadherin
No. of
Tissue cases - + P - + P - + P - + P
Normal colon 50 40 10 37 13 42 8 9 41

Non-metastatic 63 33 30 0.002 35 28 0.043 40 23 0015 15 48 0.453
colon cancer

NIBP, NF-kB-inducing kinase (NIK) and IxB kinase (3 (IKKf) binding protein.

Table III. Expression of NIBP and CD44, vimentin and E-cadherin in normal colon tissue and metastatic colon cancer.

NIBP CD44 Vimentin E-cadherin
No. of
Tissue cases - + P - + P - + P - + P
Normal colon 50 40 10 <0.001 37 13 <0.001 42 8 <0.001 9 41 <0.001
Metastatic 51 14 37 17 34 19 32 27 24

colon cancer

NIBP, NF-«kB-inducing kinase (NIK) and IxB kinase  (IKK[3) binding protein.

Table I'V. Expression of NIBP and CD44, vimentin and E-cadherin in non-metastatic colon cancer and metastatic colon cancer.

NIBP CD44 Vimentin E-cadherin
No. of

Tissue cases - + P - + P - + P - + P

Metastatic colon 51 14 37 0.007 17 34 0.018 19 32 0.005 27 24 0.001
cancer

Non-metastatic 63 33 30 35 28 40 23 15 48
colon cancer

P<0.0167 (0.05/3) was considered statistically significant. NIBP, NF-xB-inducing kinase (NIK) and IxB kinase 3 (IKKf}) binding protein.

These results demonstrated that the levels of NIBP, CD44  indicating that NIBP, E-cadherin, CD44 and vimentin are
and vimentin significantly increased, and that of E-cadherin  possibly associated with metastasis in colon cancer. However,
significantly decreased, in metastatic colon cancer compared it remained to be elucidated whether NIBP could impact on
with normal colon tissue and non-metastatic colon cancer, the expression levels of E-cadherin, CD44 and vimentin.
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Figure 1. Influence of NIBP on the expression of epithelial-to-mesenchymal-transition-associated markers. (A) Western blot analysis of E-cadherin, CD44
and vimentin in the 29-mock, 29-NC and 29-NIBP groups, which were conventionally cultured. (B) Western blot analysis of E-cadherin, CD44 and vimentin
in the 116-mock, 116-NC and 116-NIBP groups, which were conventionally cultured. GAPDH was used as an internal control for both sets of experiments.
The data were analyzed by t-test. All data are presented as the mean + standard deviation. "P<0.05 vs. the mock group. GAPDH, glyceraldehyde-3-phosphate

dehydrogenase.

The influence of different expression levels of NIBP on expres-
sion of E-cadherin, CD44 and vimentin in CRC cell lines. In
an in vitro experiment, western blotting was used to assess
the expression of CD44, vimentin and E-cadherin protein in
the HT29 blank control group (29-mock group), the 29-NC
and 29-NIBP groups (Fig. 1A). The identical experiment was
performed with the HCT116 blank control group (116-mock
group) and the 116-NC and 116-NIBPmir groups (Fig. 1B).
The results revealed that the upregulation of NIBP
decreased the levels of E-cadherin, whereas downregulating
the expression of NIBP increased E-cadherin. A previous
study demonstrated that the activated NF-«xB classical pathway
decreased E-cadherin expression (16,20,21). The data in the
present study also confirmed that NIBP fulfilled the role of
activator in the NF-«kB classical pathway (9). On the other
hand, no significant differences were observed in the levels
of CD44 and vimentin according to the different expression
levels of NIBP in the present study (Fig. 1A and B). A previous
study demonstrated that activation of the NF-«kB alternative
pathway led to an induction of the upregulation of CD44, and
EMT contributed to an increased cancer cell invasiveness (22).
Furthermore, other studies revealed that CD44 upregu-
lated the expression of vimentin, whereas knockdown of CD44
decreased the expression of vimentin (23-25). Therefore, the
results in the present study suggested that the effects of NIBP
are exerted predominantly through the regulation of the NF-xB
classical pathway, rather than the alternative pathway, when
the NF-kB pathway was not subjected to any interventions.

Effects of PDTC on the expression levels of CD44, vimentin
and E-cadherin in the NF-xB pathway in HT29 cells. On
treating the 29-mock and 29-NIBP groups with PDTC (Fig. 2),
an NF-«B classical pathway inhibitor, the expression levels of
CD44 and vimentin tended to increase in 29-NIBP group,
whereas that of E-cadherin decreased.

As NIBP is considered to act as the ‘bridge’ of the NF-«xB
classical and alternative pathways (9), it was hypothesized
that NIBP may predominantly activate the NF-«xB alternative
pathway following the complete inhibition of the classical
pathway. Therefore, on treatment of the cells with PDTC, the
expression levels of CD44 and vimentin were revealed to be
increased in the 29-NIBP group compared with the 29-mock

group.

Downregulation of the expression of NIBP disturbs
TNF-a-induced NF-xB activation in HCTI116 cells. The
116-mock and 116-NIBPmir groups were treated with TNF-a.
(Fig. 3), an NF-«B classical pathway activator, revealing that
the expression levels of E-cadherin, CD44 and vimentin were
similar between the two groups. Since downregulation of the
expression of NIBP increased E-cadherin levels in the HCT116
cell line without treatment with TNF-a (Fig. 1B), this suggested
that TNF-a could impact on the NF-«xB classical pathway, but
was not able to influence the NF-«kB alternative pathway when
NIBP was silenced in cells, revealing that NIBP acts as the
bridge between the NF-«B classical and alternative pathways.

Discussion

A major challenge during cancer therapy is metastasis.
However, the underlying mechanisms have not been entirely
elucidated. Metastasis is one of the fundamental characteris-
tics of malignant tumors, as well as the predominant cause of
treatment failure for most types of carcinoma (26,27). EMT
is the important biological process, which enables malignant
tumor epithelial cells to acquire their migrational and invasive
abilities. Furthermore, increasing the expression of vimentin,
and decreasing the expression of E-cadherin, are its predomi-
nant features (12,28,29). The present study revealed that the
expression of vimentin increased significantly, and that of
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Figure 2. HT29 cells (the 29-mock and 29-NIBP groups) were treated with
PDTC (5 pg/ml) for 24 h, and the expression levels of E-cadherin, CD44
and vimentin were analyzed by western blotting. GAPDH served as the
loading control. The data were analyzed by t-test. All data are presented as
the mean + standard deviation. "P<0.05, 29 NIBP vs. the 29-mock group.
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; PDTC, pyrrolidine
dithiocarbamate.

E-cadherin decreased significantly, in colon cancer tissues. It
also revealed that E-cadherin and vimentin are closely linked
with invasion and metastasis in colon cancer. The results
obtained are consistent with those of previously published
studies (30,31).

NIBP acts as the ‘bridge’ of NF-«xB classical and alterna-
tive pathways, and NIBP is involved in regulating the classical
and alternative pathways. The present study demonstrated
showed that there were plentiful quantities of NIBP in meta-
static and non-metastatic colon cancer tissues compared with
normal tissue, suggesting that NIBP may be involved in the
occurrence and development of colon cancer. Therefore, it
was surmised that NIBP possibly exerts an important role in
impacting on the expression of E-cadherin and vimentin via
the NF-«xB classical and alternative pathways in colon cancer
cells.

A previous study has shown that the levels of phos-
phorylated p65 increased on activation of the NF-«xB classical
pathway (32). Subsequently, the phosphorylated p65 was
transported into the nucleus to regulate gene transcription,
promoting the expression of snail (33,34), one of the important
transcription factors associated with EMT, thereby suppressing
the expression of E-cadherin. Furthermore, activation of the
NF-«B alternative pathway led to an increase in the expression
of CD44, a stem-cell-surface molecule (35). Vimentin expres-
sion decreased when the expression of CD44 was knocked
down (25). In order to further confirm that NIBP has a role
as an activator of the NF-«kB classical pathway (9), HT29 cells
were transfected to upregulate NIBP, which demonstrated
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Figure 3. HCT116 cells (the 116-mock and 116-NIBPmir groups) were treated
with TNF-a (20 ng/ml) for 24 h, and the expression levels of E-cadherin,
CD44 and vimentin were analyzed by western blotting. GAPDH served as
the loading control. The data were analyzed by t-test, which indicated there
was no significant difference (P>0.05, 116-NIBP vs. the 116-mock group
TNF-a, tumor necrosis factor-o; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.

that the expression of E-cadherin was markedly decreased,
in accordance with the anticipated result. However, it was
interesting to note that the expression levels of CD44 and
vimentin were not significantly altered, demonstrating that
NIBP predominantly regulated the NF-«xB classical pathway,
and exerted almost no influence on the alternative pathway in
the absence of drugs to completely inhibit the classic pathway.

Furthermore, the cells were treated with PDTC to
completely inhibit the NF-«B classical pathway. This revealed
that the expression levels of CD44 and vimentin in the 29-NIBP
group were also higher compared with the 29-mock group,
suggesting that NIBP may be able to activate the alternative
pathway when the classical pathway is blocked. Furthermore,
the expression levels of E-cadherin in the 29-NIBP group were
revealed to be lower compared with the 29-mock group, indi-
cating that PDTC had failed to completely inhibit the NF-xB
classical pathway when NIBP was upregulated in cells. These
results, in part, may explain why certain previously published
studies have shown that chemotherapeutic drugs, such as bort-
ezomib and MLN120B, which predominantly suppress IKK[3,
one of the key factors of the NF-«kB classical pathway, were
also able to induce activation of NF-kB p65, leading to a poor
curative response for patients (36,37).

To further reveal the importance of NIBP in the NF-xB
pathway, NIBP was knocked down in HCT116 cells, the highly
aggressive colon cancer cell line. These results demonstrated
that the expression of E-cadherin was increased, providing
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further evidence in support of the premise that NIBP predomi-
nantly regulates the NF-«xB classical pathway in the absence
of drugs which would block it, and that knocking down NIBP
led to an inhibition of the classical pathway. Treating the cells
with TNF-a, to induce the NF-«xB classical pathway, revealed
a paralleled expression of E-cadherin, CD44 and vimentin
in the 116-NIBPmir and 116-mock groups. These results
demonstrated that TNF-a was able to impact on the NF-kB
classical pathway, although it was not able to influence the
NF-«B alternative pathway when NIBP was silenced in cells,
revealing that NIBP acts as the ‘bridge’ between the NF-kB
classical and alternative pathways.

In conclusion, the findings of the present study have
revealed that upregulating the activity of NIBP leads to a regu-
lation of the expression of E-cadherin, CD44 and vimentin in
CRC via the NF-«B classical and alternative pathways. These
findings have provided a possible rationale for the development
of NIBP inhibitors, which may form part of the therapeutic
regimen for patients with CRC in future.
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